The essential oils from the aerial part of two Lamiaceae species namely, Ajuga bracteosa and Lavandula dentata growing in Yemen were obtained by hydrodistillation and analyzed by gas chromatography (GC) and gas chromatography mass spectrometry (GC/MS). Parallel to that, evaluation of their antimicrobial and antioxidant activities was also carried out. The investigation led to the identification of 47 and 48 components for both plants respectively. Both oils were rich in oxygenated monoterpenes (34 to 51%). A. bracteosa oil contained as well a high content of aliphatic acids (30.3%). Borneol (20.8%) and hexadecanoic acid (16.0%) were the main constituents of the oil of A. bracteosa. Camphor (12.4%), trans-pinocarveol (7.5%), β-eudesmol (7.1%) and α-guiaol (6.1%) predominated in L. dentata. Both essential oils possessed antimicrobial activity with MIC-values between 0.33 and 12.2 mg/ml. Moreover, the DPPH-radical scavenging assay exhibited a significant antioxidant activity for A. bracteosa (78%) at 1.0 mg/ml.
INTRODUCTION
Over the past decades, there has been increasing interest in the investigation of the natural products from different sources particularly from higher plants for the discovery of new antimicrobial and antioxidant agents. Therefore, in the last few years, much attention has been given to the essential oils and antimicrobial activities of aromatic plants. Many studies suggested that the antimicrobial activity of these plants is particularly related to the chemical composition of their essential oils *Corresponding author. E-mail: rmothana@ksu.edu.sa, r_mothana@yahoo.com. Tel: +966-1-4677256. Fax: +966-1-4677245. (Angeline et al., 2006; Mothana et al., 2010 Mothana et al., , 2011a Polatoglu et al., 2010) .
In the last years, interest in the antioxidant activity of plant extracts, essential oils or isolated compounds, has grown, due to the fact that antioxidants can scavenge radical oxygen species (ROS) and hence may be useful in the treatment or prophylaxis of certain diseases, e.g. inflammations, Alzheimer's disease, heart disease, stroke, arteriosclerosis, diabetes and cancers (da Silva et al., 2009; Fernandes et al., 2007; Lee et al., 2003; Sharififar et al., 2007; Willcox et al., 2004) . As a part of our phytochemical and biological studies on natural essential oils and their possible antimicrobial and antioxidant activities, the aim of this work was to investigate the chemical composition of the essential oils of two traditionally used Lamiaceae species namely, Ajuga bracteosa Wall. ex Benth. and Lavandula dentata L. In addition, here we report on the antimicrobial and the radical scavenging activities of both essential oils.
The genus Ajuga is composed of only one species growing in Yemen, whereas the genus Lavandula is presented by five species (Wood, 1997) . The two investigated Lamiaceae plants are erect and aromatic perennial herbs or undershrubs (Wood, 1997) . Traditionally, the two investigated plants are used in the Yemeni folk medicine as antiseptic agents in the treatment of wounds, carminative as well as in the treatment of rheumatic disorders (Schopen, 1983; AlDubai and Al-Khulaidi, 1996) .
MATERIALS AND METHODS

Plant materials
The plants were collected from Ibb district (Yemen) in May 2007 and identified at the Pharmacognosy Department, Faculty of Pharmacy, Sana'a University. Voucher specimens (Mo-I10 and Mo-I11) for A. bracteosa and L. dentata respectively, were deposited at the Pharmacognosy Department, Faculty of Pharmacy, Sana'a University.
Extraction of the essential oil
Air-dried and powdered aerial parts of the plant samples were subjected to water-distillation for 3 h using a Clevenger-type apparatus according to the European Pharmacopoeia. The extracted oils were dried over anhydrous sodium sulfate and after filtration, stored at +4°C in sealed glass vials for further use. Oil yields were measured on the basis of volume of dried essential oil/primary dried plant material weight × 100 for each sample.
Gas chromatography analysis
The GC analysis of the essential oils was performed using a Hewlett Packard GC (5890 Series II) equipped with a Flame Ionization Detector (FID) and a fused silica capillary CP-Sil 5 CB column (Varian) (30 m × 0.25 mm i.d., film thickness 0.26 μm). Nitrogen was used as a carrier gas at a flow rate of 0.7 ml/min. Injector and detector temperature were set at 250 and 280°C, respectively. Oven temperature was kept at 45°C then gradually raised to 280°C at 3°C/min and finally held isothermally for 22 min. Diluted samples (1/100 in pentane, v/v) of 1.0 μl were injected manually (split mode, split ratio 1:16). Calculation of peak area percentage was performed on the basis of the FID signal using the GC HP-Chemstation software (Agilent Technologies).
Gas chromatography-mass spectrometry analysis
The GC-MS analyses were executed on a Hewlett-Packard 5890 series II gas chromatograph coupled to a VG Analytical 70-250S mass spectrometer. The GC was equipped with a fused silica capillary CP-Sil 5 CB column (25 m × 0.25 mm i.d., film thickness 0.4 μm, from Chromback, Varian). Helium was used as carrier gas at flow rate of 1 ml/min. Injector temperature was 200°C. Oven temperature was programmed from 80°C (2 min hold) at 10°C/min Mothana et al. 3067 to 270°C and finally held isothermally for 20 min. For GC-MS detection, an election ionization system, with ionization energy of 70 eV was used. A scan rate of 0.6 s (cycle time: 0.2 s) was applied, covering a mass range from 35 to 600 amu.
Identification of components
The identification of the constituents was carried out by comparison of their retention indices and mass spectra with data generated under identical experimental conditions. Therefore, special software (Hochmuth Scientific Software) was applied with a library integrated which used a two-dimensional search algorithm considering the retention index as well as mass spectral similarity (König et al., 2006) . In addition, MassLib (V9.3-106) for processing and interpretation of mass spectra (MassLib, 1996 (MassLib, -2008 (2006), Geochemicals (1st ed.) , MRC collection (1st ed.), and CC (4th ed.) -all from Chemical Concepts (Wiley). As additional library, the electronic MS data base of Adams (2001) was used. Moreover, the comparison was achieved with authentic reference compounds available in our laboratories. The retention indices were determined in relation to a homologous n-alkanes series (C8-C30) under the same operating conditions. Components relative concentrations were obtained by peak area normalization. No response factors were calculated.
Determination of antimicrobial activity
Microorganisms
The antimicrobial activity of the two essential oils was studied using the following microorganisms: Staphylococcus aureus (BNI 18), Bacillus subtilis (BNI 28), Escherichia coli (BNI 2), Pseudomonas aeruginosa (BNI 20) and Candida albicans (BNI 33). The microbial strains were obtained from the Bernhard-Nocht Institute (BNI) for Tropical Medicine, Hamburg, Germany.
Determination of the minimum inhibitory concentrations (MIC)
In order to determine the minimum inhibitory concentrations (MICs), a micro-broth dilution method described by Mann and Markham (1998) with modifications was applied. With sterile round-bottom 96-well plates, duplicate two-fold serial dilutions of extract (100 μl/well) were prepared in the appropriate broth containing 5% (v/v) DMSO. Two-fold dilutions of amoxicillin, gentamicin or nystatin were used as a positive control. A bacterial cell suspension (prepared in the appropriate broth) of 100 μl, corresponding to 1 × 10 6 CFU/ml, was added in all wells except those in columns 10, 11 and 12, which served as saline, essential oil and media sterility controls, respectively. Controls for bacterial growth without essential oil were also included on each plate. The final concentration of bacteria in the assay was 5 × 10 5 CFU/ml. Plates were then incubated at 37°C for 18 h overnight. After incubation, the MIC of each essential oil was determined as the lowest concentration at which no growth was observed in the duplicate wells. Twenty microliters of a piodonitro-tetrazolium violet solution (0.04%, w/v) (Sigma, USA) was then added to each well. The plates were incubated further for 30 min, and estimated visually for any change in color from yellow to pink indicating reduction of the dye due to bacterial growth. The highest dilution (lowest concentration) that remained yellow corresponded to the MIC. Experiments were performed in duplicate.
DPPH radical scavenging activity assay
For the evaluation of the antioxidant activity, the DPPH free radical scavenging method was carried out. This assay measures the free radical scavenging capacity of the investigated extracts. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) is a molecule containing a stable free radical. In the presence of an antioxidant which can donate an electron to DPPH, the purple color, typical for free DPPH radical decays, and the change in absorbency at λ = 517 nm is followed specrophotometrically. The method was carried out as described previously (Brand et al., 1995) . The essential oils were dissolved in methanol, respectively, and various concentrations (10, 50, 100, 500 and 1000 μg/ml) of each oil were used. The assay mixture contained in total volume, 1 ml, 500 μl of the oil, 125 μl prepared DPPH (1 mM in methanol) and 375 μl solvent (methanol). After 30 min incubation at 25°C, the decrease in absorbance was measured at λ = 517 nm. The radical scavenging activity was calculated from the equation: % of radical scavenging activity = Abscontrol -Abssample / Abscontrol × 100
RESULTS AND DISCUSSION
In the course of our phytochemical investigations of essential oils, two oils obtained from the aerial part of two Lamiaceae species namely, A. bracteosa and L. dentata collected from Yemen were analyzed by GC and GC/MS.
The essential oils obtained from the hydrodistillation of the aerial parts of A. bracteosa and L. dentata were colorless and possessed an aromatic odor. The yields were 0.60 and 0.58% (w/w) respectively. The chemical composition of the investigated oils, retention indices, percentages and identification methods are given in Table 1 , where the identified components are listed in order of their elution on the CP-Sil 5 CB column. The GC-MS investigation led to the identification of 47 and 48 constituents representing 95.5 and 98.8% of the total oil of A. bracteosa and L. dentate, respectively. Reviewing the available current literature, nothing was found concerning the qualitative and quantitative analysis of the essential oil of A. bracteosa. Moreover, a survey revealed that there is no report concerning the antimicrobial and antioxidant activities of the A. bracteosa essential oil. On the whole, oxygenated monoterpenes (34%) and aliphatic acids (30.3%) prevailed over sesquiterpenes (14.8%) in the essential oil of A. bracteosa (Table 1 ). In A. bracteosa, the main constituents were borneol (20.8%), hexadecanoic acid (16%) and 9,12-octadecadienoic acid (7%). A previous report by Sajjadi et al. (2004) on A. orientalis grown in northern parts of Iran showed a completely different chemical composition, where sesquiterpene hydrocarbons e.g. germacrene-D (24.2%), β-cubebene (18.3%), and β-caryophyllene (16.9%) predominated.
In L. dentata, the oxygenated monoterpenes (51.8%) and oxygenated sesquiterpenes (22.5%) were determined as the major groups, among which camphor (12.4%), trans-pinocarveol (7.5%), β-eudesmol (7.1%) and α-guiaol (6.1%) were found to be the main constituents (Table 1 ). The composition of L. dentata oil has been the subject of several studies from which it can be concluded that the plant shows a chemical variability (Bousmaha et al., 2005 (Bousmaha et al., , 2006 Dob et al., 2005; Gámez et al., 1990; Hassan et al., 1976; Idrissi II et al., 1986; Imelouane et al., 2009) . Several compounds e.g. camphor, borneol, trans-pinocarveol and cineol were reported as main components. The composition of the investigated sample of L. dentata growing in Yemen differed only quantitatively from the samples growing in Spain, Morocco, Saudi Arabia or Algeria. Nevertheless, it seems to belong to the camphor/trans-pinocarveol chemotype.
The results of the antimicrobial activity are shown in Table 2 . It was shown that the oils had varying degrees of growth inhibition against the bacterial strains (MICvalues: 0.33 and 12.2 mg/ml). The Gram-positive strains showed more susceptibility to the tested essential oils than the Gram-negative ones. On the other hand, no activity was registered against C. albicans. The essential oil of A. bracteosa demonstrated the greatest activity where the lowest MIC values (0.33 mg/ml) were obtained against S. aureus and B. subtilis (Table 2) . Oxygenated monoterpenes such as camphor, borneol, linalool and α-terpineol, were reported to be responsible of the antimicrobial activity of several essential oils (Carson and Riley, 1995; Pattnaik et al., 1997) . Consequently, the antimicrobial activity of the investigated oils could be attributed to the high percentage of oxygenated monoterpenes such as borneol, camphor, linalool and α-fenchol. Moreover, the predominance of aliphatic acids such as hexadecanoic acid could probably contribute to the observed strong activity (Shapiro, 1996) . Possible synergistic activity of compounds such caryophyllene oxide, α-gauiaol and β-eudesmol in the oils should also be taken into consideration.
The potential antioxidant activity of the oils was determined on the basis of scavenging activity of the stable free radical DPPH. Only the oil of A. bracteosa was able to reduce DPPH and to demonstrate antioxidant activity (Table 2) . It showed a great radical scavenging activity (78%) at 1 mg/ml comparing with the high antioxidant activity of ascorbic acid (96%). This observed antioxidant activity could be associated with high amount of oxygenated monoterpenes in the A. bracteosa essential oil (Sharififar et al., 2007) .
In conclusion, the obtained results clearly show that the essential oil of A. bracteosa exhibit interesting potent antimicrobial activity, which support their use in traditional medicine in the treatment of infections and wounds. Moreover, the results show that the oil of A. bracteosa present antioxidant activity and that might be useful for therapeutic purposes to prevent ROS disorders and explain their use in the treatment of various inflammatory RI, Retention indices relative to C8-C30 n-alkanes on the CP-Sil 5 CB column; 1, retention index; 2, mass spectrum; 3, spiking with authentic compound. 
